In the spirit of reviewing various approaches to the modeling and simulation of optoelectronic devices, we discuss two specific examples, related respectively to Semiconductor Optical Amplifiers and to Quantum Cascade Lasers. In the former case, a tight-binding analysis is performed aimed at the optimization of the polarization independence of the device. Further, a rate-equation model is set up to describe the dynamics of gain recovery after optical pumping. A Monte Carlo simulation of a superlattice quantum cascade laser is then presented which provides an insight into the microscopic processes controlling the performance of this device.
INTRODUCTION
Driven mainly by the growing request of fast communication links, the field of optoelectronic device, especially solid-state based, has been witnessing in recent years an increasing attention [1] . One of the crucial issues for optical links is the possibility to amplify the optical power attenuated during the propagation along the fiber without having to resort to an optical-electrical conversion. Therefore, optical amplification of the power transmitted in a fiber link has become a critical point in recent years [2] . Traditionally, optical amplification has been achieved using both semiconductor devices (semiconductor optical amplifiers, SOA) and doped fibers, such as in the erbium doped fiber amplifiers (EDFA) . While the latter is by far the most widely used technique at present, SOA's present a series of potential advantages such as integrability, compactness, tunability of the operating wavelength, large gain bandwidth, and non-linear functions (e.g., for use a wavelength converters). Moreover, semiconductor amplifiers can be efficiently used to amplify short optical pulses and can replace other traditional amplifiers used in femtosecond systems. The use ofmodern advanced growth techniques has lead to the optimization ofthe performances of such devices thanks to the quantization of the density of states and to band structure engineering. Moreover, the strict control of epitaxial growth permits the realization of strained multilayers in an active MQW region. The introduction of strain in MQWSOAs relates to the need to reduce the polarization dependence of the gain [3] .
In the following, we will present a theoretical study of [16, 17] .
Strain can be included in the tight-binding model by scaling the hopping matrix elements. The scaling properties of the matrix element has been extensively discussed by Harrison and others [18, 19] , who showed that an inverse square dependence on the nearest-neighbor distance (-) between two atoms reasonably reproduces the chemical properties of several materials, and further improved by several authors [20] [21] [22] .
In the present work we use the sp3s tightbinding model [23] (1)
Since we are only interested in the absorption/gain coefficient close to the energy gap, we do limit the integration to the regionlkll < 0.1 27fla.
In each optical transition, two nearly spindegenerate valence and conduction subbands are involved. Each squared optical matrix element is summed over the two final conduction states and averaged over the two initial valence states. [12] In our procedure we first calculate (and store) the energy levels and the squared optical matrix elements for each kll, then we evaluate the absorption/gain coefficient by performing the sums over the carrier distribution functions. To reduce the numerical fluctuations induced by the finite number of kll points considered in this sum ( 1600), we sum over a much finer kll grid ( 160000 points).
The energy levels and squared matrix elements at these new kll points are obtained by using a bilinear interpolation of the calculated quantities. This is allowed since the variation ofboth energy levels and squared matrix elements in the irreducible wedge are quite smooth.
The reference structure for our study consists 2b ). The character of these states at zone center can be deduced, as for the case without 5-strain, by looking at the squared optical matrix elements (Fig. 3b) [27] . from the conduction band edge (see Fig. 1 We consider here the MQW structure shown in Figure 6 . The structure includes two separate confinement hetero-layers (SCH) connecting the contact regions to the wells. When coherent phenomena can be neglected (see e.g. [30] [31] ), the mean electron density Ni of each layer as [32] :
where I is the injected current, inj is the injection efficiency, and L is the thickness of the layer. 
The following formulation, suitable especially for large signal analysis [35] , is used for the gain coefficient of the i-th QW:
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N >_ Nth N < Nth (8) where a is the absorption coefficient [36] , and The transport time 7"s--7"diff/7"cap is modeled considering ambipolar diffusion times in the SCH, while capture time is estimated considering the effect of capture by means of LO phonon emission and also carrier-carrier scattering, which is increasingly important at increasing bias current [37] .
The interwell time constant models two concurring processes: tunneling through the barriers on one dies, and thermionic emission plus transport along the barriers with subsequent capture in the adjacent QW on the other (see Fig. 6 ), i.e.: / (10) Tc (7"e / Td / q"c)
A list of parameters used in the model is given in Table I .
We want to point out that the definition of the recombination coefficients turns out to be very useful for a compact expression of recombination rates appearings in Eqs. (3)- (7) that two extreme situations are considered for each case, which correspond, respectively, to the minimum and maximum value of the coefficients A, B and C that can be found in the literature for the materials and structure consistent with our sample. From Figure 8, by stimulated recombination, with a characteristic Auger recombination alone. Our results validate simple models (see [8] ) which consider only Auger contributions to the gain coefficient.
Different considerations apply to the gain enhancement process observed at low current bias.
At currents lower than 40mA a sharp peak of duration of less than lOOps appears in the measured output power (see Fig. 9 ). In this conditions the SOA is absorbing, and when the pump pulse arrives, it is absorbed. The photo- [42] . tion has been set up based on the scattering rates described above [43] . In addition, electron-electron scattering is included, the interaction being calculated assuming a statically screened Coulomb potential. Pauli exclusion principle is accounted for in the usual way. In order to reach a steady state condition in the MC simulation, electrons are extracted from the bottom of the first miniband at a fixed rate determined by a time constant -t,nn and injected in the second miniband at energy Ei, until stationarity is reached.
The stationary distribution functions for the first and second minibands are plotted in the inset of Figure 11 . Three different densities are con- functions, this reducing the overlap in k-space between the population of the two miniband. The effect of such broadening on the lasing capabilities of the SL can be evaluated by looking at the inversion gain, gin, which we define as the ratio of the electron density at the bottom of the upper miniband with respect to the density at the top of the lower miniband. The higher the value ofgin, the higher the probability that the structure will lase (and the lower the threshold current for lasing). An interesting result is found as a function of doping density. As the density moves from 1016cm -3 to 1018cm -3, the inversion gain of the InGaAs/InA1As structure drops from 26 to 1.2, indicating that low doping of the active region has to be preferred. The physical reason can be understood from the rates for electron-phonon and electron-electron scattering calculated during the simulation [40] . While the phonon rate does not change appreciably (indicating that Pauli exclusion principle does not effect the electron transport around the miniband edge, at least up to the densities considered here), the intercarrier rate increases with the electron density, both as intra and as inter-miniband process. The former contributes to the thermalization and spreading in k-space of the electrons within each miniband, the latter causes a redistribution between minibands, in particular favoring the scattering out the upper into the lower miniband. Indeed a significant reduction of the threshold current and room temperature operation in QCL with intrinsic SL regions has been reported [44] . The electroluminescence spectra are plotted in Figure 11 . The spectra get broader at higher densities, a direct consequence of the electron thermalization detected in the distribution functions. apparatus can be found in Ref. [45] . Fig. 12 ) reproduce well the peak and the high energy tail. The corresponding electron distribution functions are plotted in the inset of Figure 12 . We can see that at low temperature the phonon replicas appear clearly in the distributions (but they are washed out in the spectra), and that the population of the edge state is much higher than at room temperature. This is the main reason of the broader spectrum measured at 300 K. 
